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Summary
Background:  Circadian  variation  has  been  accepted  as  a  factor  in  acute  myocardial  infarction
(AMI). An  increased  incidence  of  cardiac  events  in  the  morning  has  been  reported  for  a  long
time. Recent  reports  have  indicated  that  the  onset  of  AMI  shows  two  peaks,  which  occur  in  the
morning and  evening.  It  has  also  been  demonstrated  that  circadian  pattern  of  AMI  may  vary
with sex  and  age.
Methods  and  results:  We  investigated  522  consecutive  patients  who  underwent  primary  per-
cutaneous  coronary  intervention  (PCI)  for  ST  segment  elevation  myocardial  infarction  (STEMI)
between  2000  and  2010.
The  patients  were  classiﬁed  into  3  age  groups:  younger  (≤59  years  old),  intermediate  (60—79
years old),  and  older  (≥80  years  old).  Clinical  data  were  investigated,  including  the  age  and
sex, angiographic  characteristics,  and  time  of  onset  of  STEMI.
There were  two  peaks  in  the  onset  of  STEMI  throughout  the  day,  which  were  at  7:00—10:00
and 19:00—21:00  h,  among  all  patients  (male  and  female).Stratiﬁed  analysis  showed  that  older  females  formed  the  main  part  of  the  second  peak.
Conclusions:  There  were  two  peaks  in  the  onset  of  STEMI  in  a  Japanese  population  in  Tokyo.  The
second peak  was  signiﬁcantly  dominated  by  the  older  female  group.  Age  and  gender  inﬂuenced
adian
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everal  epidemiologic  studies  have  demonstrated  circadian
ariation  in  the  onset  of  acute  myocardial  infarction  (AMI)
1—5], with  an  increased  incidence  of  cardiac  events  in
he  morning.  The  multicenter  investigation  of  limitation  of
nfarct  size  revealed  that  the  frequency  of  chest  pain  peaks
Published by Elsevier Ltd. All rights reserved.
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etween  6  AM  and  noon,  with  the  incidence  of  myocardial
nfarction  (MI)  being  1.28  times  higher  during  this  period
p  <  0.01)  [1].  The  reasons  for  this  circadian  rhythm  of  AMI
ave  been  partially  illuminated  [6—8], and  may  include  the
orning  blood  pressure  surge  or  physiological  changes  of
latelet  aggregation  and  sympathetic  activity.
On  the  other  hand,  recent  reports  (especially  from  Asian
ountries)  have  indicated  a  different  circadian  pattern  with
wo  peaks  of  AMI  [9—13]. These  studies  have  shown  that
ardiovascular  events  also  increase  in  the  evening.
The  aim  of  the  present  study  was  to  analyze  the  circa-
ian  pattern  of  the  onset  of  ST  segment  elevation  myocardial
nfarction  (STEMI)  in  the  Japanese  population.  We  also  inves-
igated  whether  differences  in  age  and  gender  affected  the
ircadian  pattern  of  STEMI.
ethods
ubjects
his  was  a  retrospective  study  that  examined  a  database  on
mergency  patients  at  our  institution.  The  study  population
omprised  566  consecutive  STEMI  patients  admitted  to  our
nstitution  from  January  2000  to  December  2010.
STEMI  was  deﬁned  by  typical  chest  pain  lasting  for
30  min  and  signiﬁcant  ST  segment  elevation  (≥0.1  mV  or
0.2  mV  in  ≥2  adjacent  limbs  or  precordial  leads,  or  new
eft  bundle  branch  block)  and  was  conﬁrmed  by  an  increase
f  biomarkers.
To  avoid  the  inﬂuence  of  change  of  the  circulation
ynamic  state  by  hemodialysis  to  circadian  variation,  we
xcluded  patients  on  hemodialysis  and  those  with  renal
nsufﬁciency  (stage  5  chronic  kidney  disease).  Estimated
lomerular  ﬁltration  rate  (eGFR)  was  calculated  by  the  sim-
liﬁed  equation  derived  from  the  Modiﬁcation  of  Diet  in
enal  Disease  (MDRD)  GFR  [14,15].  We  used  the  modiﬁed  US
ational  Kidney  Foundation  classiﬁcation  for  chronic  kidney
isease  [16]. Twenty  subjects  were  excluded  for  the  reason
f  indeﬁnite  identiﬁcation  of  exact  onset  time  of  AMI.
As  a  result,  522  patients  were  enrolled  in  this  study.
Ethical  review  board  approval  was  obtained  and  all  sub-
ects  provided  written  informed  consent.
istory  and  time  of  onset
hysical  examination  was  carefully  conducted  by  trained
ardiologists  at  the  time  of  patient  arrival  at  our  institu-
ion.  Congestive  heart  failure  was  classiﬁed  according  to
he  Killip  classiﬁcation.  Cardiologists  interviewed  patients
o  obtain  their  history  and  identiﬁed  the  time  of  onset  of
hest  pain.  We  compared  the  circadian  variation  of  STEMI
etween  subgroups  stratiﬁed  according  to  age  and  gender.
or  age,  we  classiﬁed  the  patients  into  3  groups:  younger
≤59  years  old),  intermediate  (60—79  years  old),  and  older
≥80  years  old).  The  circadian  pattern  of  STEMI  was  also
valuated  for  each  gender.  To  assess  the  circadian  variation
f  STEMI,  the  day  was  divided  into  24  periods  of  1  h  each  from
idnight  to  midnight  and  variation  in  the  onset  of  symptoms
as  evaluated.
Diabetes  mellitus  was  deﬁned  as  being  present  in  patients
n  treatment  with  oral  hypoglycemic  agents  or  insulin  and
C
F
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n  those  with  a  fasting  blood  glucose  level  126  mg/dl
rrespective  of  treatment  or  a  diabetes  mellitus  pattern
etermined  by  the  75-gram  oral  glucose  tolerance  test.
ypertension  was  deﬁned  in  patients  who  had  a history  of
edical  treatment,  a  systolic  blood  pressure  140  mmHg,  or
 diastolic  blood  pressure  90  mmHg.  Hypercholesterolemia
as  deﬁned  as  a  total  cholesterol  level  ≥220  mg/dl.
ngiography
ll  patients  underwent  emergency  coronary  angiography
CAG)  and  angiographic  data  were  obtained  from  the  cardiac
atheterization  laboratory  records.  Perfusion  was  evaluated
ccording  to  thrombolysis  in  myocardial  infarction  (TIMI)  cri-
eria  [17]. Coronary  artery  stenosis  of  >50%  was  considered
linically  signiﬁcant.
tatistical  analysis
esults  are  expressed  as  the  mean  ±  SD  for  continuous  vari-
bles,  while  qualitative  data  are  presented  as  numbers
percentages).  Continuous  variables  were  compared  by  using
he  chi-square  test  and  categorical  variables  were  com-
ared  by  using  Fisher’s  exact  test.  A  p-value  of  <0.05  was
onsidered  to  indicate  statistical  signiﬁcance.  All  statistical
nalyses  were  carried  out  with  SPSS  software  (version  19.0,
PSS,  Chicago,  IL,  USA).
esults
atient  characteristics
he  patients  were  stratiﬁed  by  age  and  gender  and  their
haracteristics  are  listed  in  Table  1.  There  were  75  patients
n  the  younger  age  group,  145  in  the  intermediate  age
roup,  and  302  in  the  older  age  group.  Regarding  gender,
72  patients  were  men  and  the  remainder  were  women.
lder  patients  were  more  likely  to  have  hypertension  and
ypercholesterolemia.  They  also  had  more  severe  heart  fail-
re  at  hospitalization.  With  regard  to  gender,  women  were
ore  likely  to  have  hypercholesterolemia,  and  they  also  had
ore  severe  heart  failure  at  hospitalization.  However,  cur-
ent  smoking  was  more  common  among  men.
Laboratory  data  are  summarized  in  Table  2.  Both  eGFR
nd  hemoglobin  were  lower  in  the  older  age  group,  while
otal  cholesterol  was  higher  in  this  group.  Serum  creatinine
as  higher  in  men  and  same  result  was  observed  for  eGFR.
ther  data  were  not  different  between  men  and  women,
xcept  for  hemoglobin.
ngiographic  characteristics
able  3  shows  the  angiographic  characteristics.  The  loca-
ions  of  the  culprit  lesions,  as  well  as  the  preprocedural
nd  postprocedural  TIMI  ﬂow  grades,  were  similar  among
he  groups.  However,  women  had  more  multivessel  disease.ircadian  variation
ig.  1  shows  histograms  for  the  pattern  of  STEMI  in  all
atients.
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Table  1  Baseline  characteristics  of  the  subjects.
Age  groups  Gender  groups
Younger  (≤59
years)  (n  =  75)
Intermediate
(60—79  years)
(n  =  145)
Older
(≥80  years)
(n  =  302)
p  value* Male
(n  =  272)
Female
(n  =250)
p value*
Age  (years) 48  ±  15  72  ±  7  84  ±  5  —  78  ±  18  80  ±  16  ns
Men 49 (65) 61  (42) 162  (54) ns  272  0  —
Hypertension 36  (48) 86  (59) 228  (69) 0.03 248  (91)  102  (41)  <0.0001
Hypercholesterolemia 29  (39) 78  (54) 152  (50) 0.05 97  (36) 162  (65) 0.02
Diabetes mellitus  28  (37)  52  (36)  115  (38)  ns  107  (39)  88  (35)  ns
Current smoker  24  (32)  48  (33)  98  (32)  ns  98  (36)  72  (29)  0.05
Killip>2 3  (4)  3  (2)  32  (11)  <0.0001  14  (5)  24  (10)  <0.0001
* Comparison of younger and older groups.
Table  2  Laboratory  data.
Age  groups  Gender  groups
Younger
(≤59  years)
(n  =75)
Intermediate
(60—79  years)
(n  =145)
Older
(≥80  years)
(n  =302)
p  value* Male
(n  =272)
Female
(n  =250)
p  value
Serum  creatinine,  mg/dl  0.89  ±  0.9  1.12  ±  1.0  1.20  ±  0.8  0.04  1.10  ±  0.7  0.98  ±  0.5  0.05
Estimated GFR,
ml/min/1.73  m2
72.5  ±  32.4  58.8  ±  28.4  38.8  ±  32.6  <0.0001  40.6  ±  30.3  68.4  ±  24.5  0.04
Hemoglobin,  g/dl  13.8  ±  3.6  12.8  ±  2.4  10.2  ±  3.6  0.03  12.9  ±  1.8  10.8  ±  2.6  0.04
Total cholesterol,  mg/dl  176  ±  80  206  ±  68  210  ±  62  0.02  196  ±  68  188  ±  86  ns
LDL-cholesterol,  mg/dl  110  ±  96  126  ±  80  118  ±  100  ns  126  ±  62  118  ±  84  ns
HDL-cholesterol,  mg/dl  50  ±  30  48  ±  38  52  ±  48  ns  52  ±  14  49  ±  18  ns
Triglycerides,  mg/dl  162  ±  102  158  ±  126  168  ±  190  ns  168  ±  120  170  ±  190  ns
Blood glucose,  mg/dl  158  ±  160  162  ±  180  148  ±  120  ns  162  ±  178  158  ±  186  ns
Peak CK,  U/L  700  ±  820  660  ±  620  722  ±  560  ns  690  ±  660  710  ±  640  ns
* Comparison of younger and older groups.
Figure  1  Histogram  for  the  pattern  of  ST  segment  elevation  myocardial  infarction  (STEMI)  in  all  patients.
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Table  3  Angiographic  characteristics.
Age  groups Gender  groups
Younger
(≤59  years)
n  =  75  (%)
Intermediate
(60—79  years)
n  =  145  (%)
Older
(≥80  years)
n  =  302  (%)
p  value* Male
n  =  272  (%)
Female
n  =  250  (%)
p  value
Culprit  lesion
LMCA  3  (4)  5  (3)  7  (2)  ns  8  (3)  7  (3)  ns
LAD 28  (37)  52  (36)  126  (42)  ns  109  (40)  97  (39)  ns
Cx 12  (16)  26  (18)  48  (16)  ns  46  (17)  40  (16)  ns
RCA 28  (37)  62  (43)  118  (39)  ns  106  (39)  102  (41)  ns
RCA 28  (37)  62  (43)  118  (39)  ns  106  (39)  102  (41)  ns
Others 4  (5)  0  (0)  3  (1)  ns  3  (1)  4  (2)  ns
No. of  diseased  vessels
1  29  (39)  56  (39)  84  (28)  ns  89  (33)  80  (32)  ns
2 29  (39)  62  (43)  143  (47)  ns  136  (50)  98  (39)  0.03
3 17  (23)  27  (19)  75  (25)  ns  47  (17)  72  (29)  0.05
Pre TIMI  grade
0/1  38  (51)  68  (47)  148  (49)  ns  138  (51)  116  (46)  ns
2 10  (13)  32  (22)  58  (19)  ns  48  (18)  52  (21)  ns
3 27  (36)  45  (31)  96  (32)  ns  86  (32)  82  (33)  ns
Post TIMI  grade
0/1 0  (0) 0  (0) 0  (0) ns  0  (0)  0  (0)  ns
2 1 (1) 0  (0) 3  (1) ns 2  (1)  2  (1)  ns
3 74 (99) 145  (100) 299  (99) ns 270  (99) 248  (99)  ns
ﬁ
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w* Comparison of younger and older groups.
Two  peaks  were  observed  in  the  onset  of  STEMI,  with  the
rst  peak  in  the  morning  (07:00—10:00)  and  the  second  peak
n  the  evening  (19:00—21:00),  among  all  patients  (male  and
emale).  Fig.  2  shows  STEMI  stratiﬁed  by  gender.  In  men,
TEMI  showed  one  dominant  peak  in  the  morning,  whereas
m
t
I
Figure  2  Histogram  for  the  pattern  of  ST  segment  elevatomen  had  two  peaks  in  the  morning  and  evening.  Further-
ore,  the  evening  peak  of  STEMI  was  signiﬁcantly  higher
han  that  of  the  morning  peak  among  women.
Fig.  3  shows  a  comparison  of  the  3  age  groups  of  women.
t  is  clear  that  the  second  peak  of  STEMI  is  dominated  by
ion  myocardial  infarction  (STEMI)  stratiﬁed  by  gender.
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myoc
DFigure  3  Histogram  for  the  pattern  of  ST  segment  elevation  
curve traces  the  top  of  each  bar  of  the  histogram.
the  older  group.  Fig.  4  is  a  comparison  of  the  3  age  groups
of  men.  Unlike  women,  there  is  no  obvious  second  peak  of
STEMI.
It  was  clear  from  Figs.  3  and  4  that  there  exists  a  sta-
tistically  signiﬁcant  difference  in  the  circadian  variation
between  genders  also  limited  to  the  elderly.
T
o
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Figure  4  Histogram  for  the  pattern  of  ST  segment  elevation  myo
curve traces  the  top  of  each  bar  of  the  histogram.ardial  infarction  (STEMI)  limited  to  female  patients.  A  smooth
iscussionhe  main  ﬁnding  of  this  study  was  that  the  circadian  rhythm
f  STEMI  in  a  Japanese  population  in  Tokyo  shows  2  peaks
n  the  morning  and  evening.  Age  and  gender  are  related  to
ifferences  in  the  circadian  pattern  of  STEMI.
cardial  infarction  (STEMI)  limited  to  male  patients.  A  smooth
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In  1985,  Muller  et  al.  analyzed  1000  patients  and  demon-
trated  circadian  variation  in  the  onset  of  AMI  [1].  Since
hen,  several  studies  performed  in  Western  countries  have
uggested  that  the  circadian  rhythm  of  AMI  is  characterized
y  a  morning  peak  [2—4]. On  the  other  hand,  a  study  from
ingapore  revealed  a  different  circadian  pattern  of  cardiac
rrest,  with  a  bimodal  distribution  through  the  24-h  period
10].  In  that  study,  the  incidence  of  cardiac  arrest  in  the
orning  was  the  same  as  that  in  the  evening.  Recently,
apanese  investigators  have  reported  a  similar  trend  regard-
ng  the  onset  of  cardiac  events  [9,13,18,19]. Sumiyoshi  et  al.
ound  that  onset  of  AMI  was  more  frequent  in  the  evening
han  in  the  morning  [18]. Fujita  et  al.  [13]  also  reported  that
ardiac  arrest  due  to  non-traumatic  causes  was  more  com-
on  in  the  evening  than  in  the  morning.  These  observations
re  consistent  with  the  present  ﬁndings.  Thus,  the  pattern
f  circadian  variation  may  differ  between  Asian  and  Western
ountries.
Kinjo  et  al.  [20]  reported  a  contradictory  result  about  the
vening  peak.  They  reported  that  younger  patients  aged  less
han  65  years  who  had  the  habits  of  cigarette  smoking  and
lcohol  intake  showed  an  evening  peak.  Add  to  the  differ-
nces  in  the  regionality  of  Tokyo  and  Osaka,  perhaps,  such
 contradictory  result  was  caused  by  differences  in  clinical
haracteristics  of  patients.  Conversely,  we  might  examine
urer  inﬂuence  of  circadian  variation  caused  by  sex  differ-
nce.
The  mechanism  of  a  morning  increase  in  cardiac  events
eems  to  be  relatively  easy  to  understand.  It  is  well  known
hat  blood  pressures  increase  after  waking  due  to  the
hange  of  basal  vascular  tone  associated  with  marked  -
ympathetic  vasoconstrictor  activity  [6,21]  and  sympathetic
ctivity  is  increased  by  modulation  of  the  autonomic  nerve
ystem  [22]. In  addition,  plasma  levels  of  epinephrine  and
orepinephrine  increase  and  this  results  in  increased  vascu-
ar  resistance  during  the  morning  [23,24].  It  is  known  that
-blocker  therapy  can  reduce  these  changes  in  the  morn-
ng,  particularly  in  patients  with  myocardial  infarction  [25].
t  has  long  been  speculated  that  such  factors  could  lead  to  a
orning  increase  in  cardiac  events  and  produce  a  circadian
hythm  of  such  events.
On  the  other  hand,  the  mechanism  of  the  second  peak  in
he  evening  remains  unclear.  In  a  recent  report  from  Japan
n  the  circadian  variation  of  cardiac  arrest,  factors  related
o  the  evening  peak  were  examined  [19]. They  noted  that
ost  of  the  second  peak  was  due  to  elderly  patients  (≥80
ears  old),  a  ﬁnding  consistent  with  our  present  results.
However,  they  did  not  recognize  a  sex  difference  in  the
vening  peak.  In  our  study,  we  observed  an  evening  peak
f  STEMI  and  found  that  this  evening  peak  was  caused  by
TEMI  in  elderly  woman.  The  difference  may  have  arisen
ecause  the  other  study  investigated  cardiac  arrest,  which
ncludes  arrhythmia,  dissection  of  the  aorta,  etc.  as  well
s  STEMI.  We  limited  the  subjects  to  patients  with  STEMI
nd  they  all  received  CAG.  This  might  have  increased  the
ertainty  of  diagnosis  and  precise  identiﬁcation  of  the  onset
ime  of  STEMI.
Why  did  elderly  women  show  a  different  circadian  pat-
ern  of  STEMI?  For  a  long  time,  gender-  and  age-related
ifferences  have  been  reported  in  the  ﬁeld  of  circulatory
isease.  It  has  been  reported  that  older  women  show  some
hysiological  differences  compared  to  men.H.  Itaya  et  al.
The  Framingham  study  revealed  that  ischemic  heart  dis-
ase  developed  ten  years  later  in  women  compared  with
en  and  had  a  different  clinical  picture  in  females  [26].
ahon  et  al.  [27]  reported  that  the  gender  difference  in  AMI
ortality  is  greatest  for  younger  patients.
Our  research  demonstrated  that  older  women  have  more
evere  cardiac  failure  and  multivessel  disease  at  admission.
Estrogen  would  be  a  probable  candidate  for  the  physi-
logical  differences  between  men  and  women,  since  many
eports  have  suggested  a protective  effect  of  estrogen  on
ascular  smooth  muscle  and  the  heart  [28—31].
The  inﬂuence  of  sex  hormones  on  cardiac  events  is  also
uggested  by  the  report  that  androgens  inﬂuence  the  QT
nterval  [32].
These  reports  may  help  to  explain  why  elderly  post-
enopausal  women  display  a  peculiar  circadian  pattern  with
wo  peaks  in  the  onset  of  STEMI.
imitations
his  study  had  the  well-known  limitations  of  a  retrospective
esign  and  the  results  also  represent  a  single-center  expe-
ience.  There  is  a  possibility  of  reﬂecting  the  characteristic
f  the  population  of  a  speciﬁc  area  in  Tokyo.
Compared  with  previous  papers,  the  interest  of  our  study
s  surely  aged  patients.  In  Japan,  an  aging  society  is  in
rogress  and  the  average  onset  age  of  AMI  is  going  up  with
he  development  of  optimal  medical  therapy  in  these  years.
e  cannot  deny  that  such  facts  may  inﬂuence  the  contents
f  circadian  variation.
Furthermore,  we  do  not  have  enough  information  about
ransport  prior  to  admission  (self  transport  versus  transfer
rom  other  hospitals  without  PCI  facilities)  and  behavior  at
he  onset  of  STEMI.
onclusion
he  present  study  of  Japanese  patients  showed  circadian
ariation  of  STEMI  with  2  peaks  in  the  morning  and  evening,
nd  the  second  peak  was  dominated  by  elderly  female
atients.
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